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FOREWORD 

This report Is the second In a series concerned with the Training Analysis 
and Evaluation Group's (TAEG's) effort undertaken In partial fulfillment of 
the requirements of the Technical Development Plan (TDP) P43-03X, Part OlA, 
"Design of Training Systems." 

A suomary of the application of simulation to a training system Is 
presented. The purpose of the report Is to describe the goals of this effort 
and to outline the problemi approach, and results to date. 

The report was prepared by Mr. J. Gardner, Operations Research Analyst, 
Naval Training Equipment Center (NAVTRAEQUIPCEN) and Mr. W. Llndahl, 
Operations Research Analyst, Training Analysis and Evaluation Group, Orlando, 
Florida. 

Appreciation Is expressed to the members of the TAEG Electronic Warfare 
Project Team who provided guidance In the conceptualisation of the training 
system and to Mr. L. Erhllch and Mr. R. Yanko, both of the IBM Corporation, 
for their assistance with the GPSS programming effort. 
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SECTION I 
INTRODUCTION 

PURPOSE 

This study was performed under the aegis of the Technical Development 
Plan (TDP) P43-03X, Part OlA, "Design of Training Systems." The purpose of 
the study was to examine the feasibility of the application of computer simu- 
lation to an individualised self-paced training system. Computer simulation 
is recognized as a valuable systems analysis research tool which enables the 
detailed examination, evaluation, and manipulation, under stated conditions, 
of a system without direct action on the system. Since the optimal assignment 
of personnel and the maximum usage of equipment resources in training ave of 
paramount Importance to the Navy, the demonstration of the feasibility of the 
application of simulation to the solution of scheduling problems is a contri- 
bution to the systematic management of instruction. While use of simulation 
is not unique in the area of system analysis, the application of simulation 
to a training system is unique. No documented simulation of a training system 
with individualized self-paced training could be found. 
BACKGROUND 

The Design of Training Systems (DOTS) Project Team determined that an 
In-house effort to demonstrate the feasibility and usefulness of simulation 
to managers concerned with training was needed. The concurrent planning by 
another Training Analysis and Evaluation Group (TAEG) team for a new 
Electronic Warfare (EW) School provided the vehicle for the demonstration of 
a simulation technique. Since the EW School was being programmed to employ 
the latest techniques in training and education, it was considered an appro- 
priate area of concentration. The simulation product (s) could then be 
generalized and applied to other specific applicfitlons by minor modifications. 

I 
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The area chosen to demonstrate simulation capabilities was the instruction 
to be provided to the EU operator personnel at Corry Station, Pensacola, 
Florida. 

The problem confronting the EW School planners is to provide individ- 
ualized) self-paced instruction with the resources available and with a 
required output. In an individualized, self-paced instructional system, each 
student type proceeds through a prescribed course of instruction at his own 
pace. The prescribed course of instruction is composed of discrete instruc- 
tional elements, or learning modules. The individual nature of the learning 
module prescriptions dictates that all students do not take all learning 
modules but travel through a track of modules tailored to their specific 
instructional needs. Figure 1 depicts the notion of individual tracks through 
common modules. 

The problem of scheduling, planning, controlling, and forecasting for 
a system composed of learning modules is not merely a function of the 
students* learning rates in each module. Each module requires some form of 
training support media; e.g., programmed instruction, procedures trainers, 
or sound/slide (Figure 2)* 

The manager ^6 problem is one of attempting to reduce student waiting 
times associated with learning modules by providing adequate numbers of 
modules and corresponding media for the modules. Given a required student 
output by type and number, the manager must determine the required input, 
the scheduling of the input, and the quantity and types of training media 
required to preclude bottlenecks in throughput rates, in order to meet the 
output requirements. 
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SECTION II 
METHOD 

The feasibility study of applying simulation to EW operator training 
systems was structured to Include the following: the selection of a repre- 
sentative training system, the selection of a simulation language, the 
development of a computer program to simulate the system, the manipulation 
of :he simulated system to ask "what If" questions, the analysis of the 
output data, and a report: documenting the study and recommendations. The 
EW Operator Training System was selected as an appropriate "test-bed" as It 
was considered to be representative of the approach to Instruction to be 
employed In the Navy training system of the 1980*8. Xn addition, the 
relative convenience \iith which system-specific data could be obtained from 
the TAEG's EW team made this selection doubly desirable. 

The computer language selected for the simulation programming was 
General Purpose Simulation System (GPSS), developed by the IBM Corporation. 
This high-order computer language handles discrete-event models as network 
flow models. The selection of this language was due primarily to the pos- 
session of in-house programming capabilities utilizing GPSS and the 
accessibility of an IBM 360/40 computer with GPSS V capability. 

The major steps Involved in the simulation program developed in this 
study are the following: 

a. Define and constrain the system 

b. Develop a program and execute 

c. Manipulate variables and analyze outputs 

A description of each of these steps and their application in the 
development of the EW Operator Training System simulation are presented in 
detail in the remainder of this section. 
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DEFINE AND CONSTRAIN THE SYSTEM 

The EW Operator Training System was defined by the EW TAEG team with 
the aid of EW planners. The conceptualised system is represented in Figure 3. 
There are seven types of students which flow through a total of 21 diffcsrent 
learning modules. The system will be/is constrained by requirements promul- 
gated by Chief of Naval Operations (CNO), Bureau of Naval Personnel (BUPERS), 
Chief of Naval Education and Training (CNET) and any other agency that can 
control the input or specify the output of the system either in personnel 
requirements and/or dollars. The system is further constrained by the fact 
that each learning module will have lesson plans that will be completed . 
either in a multi-media carrel, an operational trainer, or in a special pro- 
cedures trainer (aircraft). A multi-media carrel is an Individual study booth 
equipped with a slide projector, tape deck, synchronising system for sound/ 
slide programo, and an 8mm sound motion picture projector supported with 
programmed instruction and texts. An operational trainer is a training 
device in which trainee stations provide generalised representation of the 
functional capabilities of present and projected EW equipment » The system 
features student self-pacing through curriculum elements, active learning, 
immediate feedback, and defined remedial instructions. The special procedures 
trainers are two support aircraft with 20 student stations per aircraft for 
physiological student training purposes. 

Thus the training environment is composed of the carrels, operational 
trainers, and support aircraft. The dynamic entities are associated with 
the student flow through the prescribed courses of instruction (see Figure 3). 
The data were initially developed by the EW planners using all available 
data and experience to date. As the system is installed and exercised, these 
data will be validated and revised accordingly. 
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DEVELOP A PROGRAM AMD EXECUTE 

Each transaction in the EW operator training simulation program repre- 
sents a student. Each student has certain characteristics which were described 
by the 13 possible characteristics listed in Figure 4. Subroutines in the 
main program represent: two student scheduling procedures: (1) lesson plan, 
either in carrel or trainer, or (2) carrel, followed by trainer and back to 
carrel again. 

Two smaller programs control time elements of the overall program. The 
first one controls the time of day or hours per training period and the other 
controls the number of days to be simulated. An exponential distribution 
function with different mean rates controls the student input rate. The type 
of student entering is determined by a discrete numerical function. 

Tbie cumulative exponential or Poisson distribution function which 
describes student arrivals is illustrated in Figure 5. A Poisson or expo- 
nential distribution states that the probability of k arrivals in time t is 
e -t/m (t/m) where m is the mean interarrival time. The probability that 
the next arrival will occur within t time units is 1-e in Figure 5 

the probability value appears alorg the horizontal axis and t/m along the 
vertical axis. The interarrival time is obtained by multiplying the function 
value by m. The function gives r(:sult8 which ar<3 accurate to within 0.1 
percent for 45<m^250 and 1.0 percent for itt^^AS. 

The type of student, or student mix, entering the school is determined 
by a discrete numerical function. The student input population or percentage 
mix of student types was specified by the EW planners. Figure 6 graphically 
depicts the student mix. By using the 6PSS function argument, RN 1, the 
following results are obtained: Squadron EW Training Officer if 0^ RNl 
4^.0376, Surface EWO if .0367 < RNl < .0827, and so forth. 

8 
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In the main program each transaction equals a student with 13 
possible characteristics as follows: 

Student Ml, PI, P2, P12 

(Transaction) 

Where: 

HI - The Standard Nvimerlcal Attribute (SNA) for the transit time of the 
student currently being processed^ 

PI - Student Type - There are presently seven possible student types: 

(1) Squadron EW Training Officer, (2) Surface EWO, (3) Marines, (4) CTT(ELINT), 

(5) NFO, (6) EW, (7) Prospective CO's and OPS/CIC Officers* ^ 

P2 - Facilities Counter - Locates which one of 90 possible trainers Is 
unoccupied. 

P3 - Number Counter - Determines which class schedule (learning track) to 
put student through for the first nine classes or learning modules. 

P4 - Learning Module Number - Student Is placed In a particular module 
(26 possible) according to his prescribed learning track. 

P5 - Lesson Plan Number - Used for first nine modules and Is a function of 
the particular learning module. 

P6 - Average time for lesson plan within module. 

P7 - Time deviate for each lesson plan. 

P8 - Special Number Counter for particular Lesson Plan Groups (carrel vs. 
operational trainer) within module. Basically, same as P3, except this 
counter Is peculiar to modules 10 through 26. 

P9 - Lesson Plan Number - used for modules 10 through 26; concerns both 
carrel and operational trainer. 

PIO - Not used (available for other desirable attributes) • 
Pll - Time student enters school* 
P12 - Subroutine transfer counter* 



Figure 4. Student Characteristics 
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Figure 5. Cumulative Exponential or Poisson Distribution Function 
to Describe Student Arrivals 
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Each type of student has an individual track set up by one of two student 
schedule subroutines, which uses a list numerical function to pick the classes 
or modules, the number of lesson plans, and the mean times as well as devia- 
tions about that time in the lesson plan. Boolean variable entities are used 
at key decision blocks to determine individual student paths through the 
network. 

The overall concept of the simulation program for this particular appli- 
cation can be better understood by referring to Figure 7 which gives a Macro 
view of the model. Basically, there are three phases of the student flow 
which are of concern in the program: an initiation phase, an execution phase, 
and a completion phase. The student arrival and type are determined as 
described above. The specific network track is specified by the conceptual 
system shown in Figure 3. As the student progresses, he Is assigned to the 
proper module and is processed through that module according to a normative 
distribution of lesson plan times. If the module Is occupied, he waits in 
a queue until it is available. Intrinsic In this scheduling is the considera- 
tion of length of the school day. If the student Is currently in a module he 
will complete that particular lesson before leaving. This process is Iterative 
in nature until the prescribed network path is completed. Statistical data 
are compiled for all phases of his progress. 
MANIPULATE VARIABLES AND ANALYZE OUTPUTS 

The manipulation of variables and the resultant analysis of outputs is 
an ongoing task. Initially, the system was run with certain inputs. The 
outputs were then observed to determine adequacy wAth the specified require- 
ments. Figure 8 illustrates the inputs/outputs/constraints of the system. 
By manipulating the variables under his control, the manager can determine 
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what effect this will have on the output. To date* the input variables 
have been held constant except for student Input rate in ord<%r to examine 
the capacities of the conceptualized system. The results of this exercise 
are presented in Section III. 
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SECTION III 
RESULTS 

Since the requirement for trained EW operatora by number and type was 
exogenous to their system (specified by CNO), this was considered to be the 
driving force of the system* This coupled with an austere budget , yet 
relatively free to determine, or at least suggest, how that budgeted money 
would be expended on training media, the planners needed to insure that the 
* conceptualized system would meet the required output within the dollar 
constraints. The range of items under consideration Is shown ItA Figure 8. 

In order to perform comparative analyses of system capabilities or to 
compare alternative system strategies, certain input variables should remain 
constant together with the constrained variables, while other key controllable 
input variables are manipulated. 

The conceptual system as described in Figure 3 was analysed by the Etf 
planners in TAEG to determine the mix of media for each module which would 
satisfy the overall training requirements within the dollar constraints. 
Initially, the number of multi-media carrels was set at 220, the number of 
operational trainers was set at 90, and the number of support aircraft was 
set at 2 with 30 student positions per aircraft. By keeping variables such 
as the number of classes, lesson plans per class, and the distributions of 
time for each lesson plan constant and varying the student input rate, the 
planners were able to get an idea of the capacity and limits of the concep-* 
tualized system. 

Once the conceptual system was adequately defined and constrained, 
the simulation was r<iduced to the iterative process of execution, manipula- 
tion, and analysis of the outputs for the program. Three student Input rates 
were simulated and compared. The input rates were four, six, and eight 

17 
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students per day, with th^ arrival times tnd appropriate mix determined 
by the methods described In Section II* 

A brief discussion of the results for each of the three Input rates Is 
presented below* Details of the simulation program, i.e.f program listing, 
flow charts, and sample output, are contained In Appendices A, B and C 
respectively* Standard GPSS output provides a great amount of tabulated 
statistical data on the system being simulated* In this particular appllca-* 
tlon much of these data were not relevant to the problems under conolderatlon« 
However, In the future, much of these data may prove useful for the "fine 
tuning** of the system once It becomes operational* 
a* Four Students Per Day 

At an Input rate of four students per day the most significant 
output of the simulation was the fact that no queues were observed* Students 
proceeded through the system without any delays caused by the unavailability 
of media* Under these conditions the observed completion times are considered 
to be optimal* The completion times for an Input rate of four students per 
day are summarized In Table 1* 

TABLE 1* COMPLETION TIMES FOR AN INPUT RATE OF FOUR STUDENTS PER DAY 



Type Student 


Couplet ion Time (in days) 
Maximum Minimum Mean 


Standard 
Deviation 


Squadron EW Training Officer 


38 


36 


36.67 


0.707 


Surface EWO 


39 


34 


36.71 


1.601 


ilarines 


53 


52 


52.33 


0.577 


CTT (ELINT) 


48 


41 


43.82 


2.085 


SFO 


53 


51 


51.71 


0.915 


EW 


54 


41 


47.17 


2.855 


Prospective CO^s, OPS/CIC Officers 


25 


21 


22.82 


1.128 
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These figures not only represent the expected average comple- 
tion time for each type of student in the system defined but give support to 
the efficacy of employing individualized, self-paced instruction. These 
average completion times represent a reduction iu instruction time over the 
traditional lock-step type of Instruction of approximately 30 percent. For 
example, a representative EW traditional lock-step form of instruction vould 
require approximately 65 hours, whereas in our example the time required is 
approximately 47 hours, or a reduction in time of about 28 perc^.nt. 
b. Six Students Per Day 

When the input rate is increased from four to six students 
per day, queues begin to develop. However, the queues have a negligible 
effect on the completion times associated with each student type. The reason 
for this is that the queues affect an insignificant number of students. This 
is shown by the following output data: 

Percent students 

Type of facility Avuirage lenRth of queue affected 

Carrel 44.58 minutes 1.10 

Operational Trainer 41.97 minutes 0.60 

This means that 98.9 percent of the students in the system experienced no 
queuing associated with carrels and 99.4 percent had no queues with opera- 
tional trainer usage. While the net effect on average completion times for 
all students, expressed in days, was not significant, any queue over 30 
minutes was arbitrarily considered serious from a student motivational stand- 
point. Detailed analysis of the system output data associated with each 
queue could remedy this situation by the addition of, or the manipulation of, 
media associated with the queue. Since the average completion times were 
considered to be more significant indicators of system performance, and the 
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minor fluctuations observed in these times were attributed more to the 
errors associated with the GPSS random number arguments and distribution 
times than to the queues, efforts to reduce the queues were deemed unnecessary* 
c. Eight Students Per Day 

The training system continued to perform as prescribed when 
the input rate was increased to eight students per day, with the average 
completion rates remaining stable. The queues began to become significant 
at this input rate — approaching three hours for the carrels ana one hour for 
operational trainers. However, the percent of students experiencing queues 
was still relatively low; l,e#, 5#6 percent for carrels and 4#7 percent for 
operational trainers* Even though the queues appear excessive, the time 
compression resulting from the use of individualized self-paced instruction 
versus traditional ins ruction would indicate that these queues may be 
tolerable. If a 30 percent reduction in instruction time is anticipated, 
then a queue of three hours I'. 6 percent of the time does not seem significant. 
Before any adjustments are made to reduce the queues, tradeoffs should be 
considered between the cost of adding media, the disadvantages of a student 
waiting for the media, the overall effect on the student ^s completion rate, 
and 80 on* 

Simulation runs utilizing input rates greater than eight students/day 
were not attempted since the computational limits of the processing equipment 
were being approached# With an Input rate of eight students/day there were 
approximately 500 students in the system which had to be monitored and the 
computer processing time became prohibitive. Most applications of simulation 
to training systems should not be as complex as the system examined in this 
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study and, therefore, should not present this problem. If It does prove 
prohibitive, larger processing equipment should be obtained to conduct the 
simulation. 

The results of these simulation runs indicate that the conceptual EW 
Operator Training System as defined and constrained will have the capability 
to meet the specified system requirements. As shown in Table 2, the average 
completion times are fairly constant over the input rates chosen. While 
queues develop for the six and eight students per day input rates, the impact 
on the average completion times is not readily discernible. The queues do 
impact the output of the system since more people are maintained in the 
system as the Input rate and the queues increase. Table 3 represents an 
extrapolated summary of expected annual output for the system. With an input 
rate of four students per day, 187 students occupy the system once steady- 
state conditions are reached. For six and eight students per day, the number 
of students in the system increases to 314 and 438 respectively. There 
appears to be no need to increase quantities of training media to reduce the 
queues associated with higher input rates since the lower rates will satisfy 
the specified output requirements. Once the conceptual system becomes 

A 

operational, however, some manipulation or addition of media foi certain 
modules may prove desirable as experience is gained. A more accurate emula- 
tion of the system will be possible after real world systems data are 
available and the assumptions and estimates reflecting system performance 
are verified. 
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TABLE 2. AVERAGE COMPLETION TIMES (IN DAYS) 



Tvpe Student 


Input Rate 


(Students 


Per Day) 




A 


6 


8 


SQuadron EW Tralnlns Officer 


36.6 


37.4 


37.3 


Surface EWO 


36.7 


36.6 


37.5 


Marines 


52.3 


49.2 


51.7 


CTT (ELINT) 


43.8 


44.0 


44.3 


!IFO 


51.7 


53.4 


52.6 


EW 


47.2 


47.4 


47.6 


Prospective CO's, OPS/CIC Officers 


22.8 


22.2 


23.0 


TABLE 3. EXPECTED ANNUAL EW OPERATOR TRAINING SYSTEM OUTPUT 


Type Student 


Input Rate (Students Per Day) 




4 


6 


8 


Squadron EW Training Officer 


32 


47 


58 


Squadron EWO 


38 


56 


70 


Marines 


16 


23 


29 


CTT (ELINT) 


34 


50 


61 


NFO 


33 


48 


59 


EW 


640 


935 


1157 


Prospective CO's, OPS/CIC Officers 


60 


87 


108 


Totals 


853 


1246 


1542 
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SECTION IV 
CONCLUSIONS 

Simulation of a training system by computer can provide useful analytical 
capability which enhances the manager's ability to assess requirements and 
capacities while formulating various alternatives to a problem. 

The simulation technique described and applied in this report provides 
a powerful analytical capability for EW planners. Changes in student input 
rates can be examined systematically to assess the effect of achieving person- 
nel and resources in steady state of the system. In addition, the effects of 
changing learning modules, lesson plans, and training support equipment on 
the training system can be determined. The queuing effects expected at the 
carrels or trainers can also be examined as a function of changes in student 
mix, input rates or as other pertinent variables are changed. The training 
manager can get a reasonable idea of the different student throughput rates 
and how the throughput rates are affected by changes in the input variables. 
The list of system entities and how they can be analyzed is extensive. The 
particular problem facing the manager dictates the area of analysis. The 
simulation described here provides the vehicle for such analysis. During 
the system definition, the manager is forced to analyze his system. This 
forced system analysis provides training management perspectives heretofore 
unavailable. 

It should be noted that simulation models do not yield absolute solutions 
to problems. This generic type of model only replicates the system described 
to the level of detail it is designed. It does, however, provide an 
Invaluable tool for management to assess the validity or consequences of 
assumptions, thus enabling a more systematic and realistic solution to a 
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planning problem* The ultimate decision-making reMponslblllty still rests 
with the manager; simulation and older analytlCirJ techniques are only tools 
for Increasing the effectiveness of the manager* 



24 



TAEG REPORT NO. 11-2 

SECTION V 
RECOMMENDATIONS 

The power of simulation as a planning tool for training system 
consideration has been demonstrated In this study. However , before continued 
effort Is expended either oh this specific application^ l*e*t EW operator 
training, or on the modification of the simulation programs to a generalized 
Individualized self-paced Instructional system, detailed analysis of assump- 
tions made and the relevance of particular outputs is needed. Specific 
problems, which are suited to analysis by simulation of the system, must be 
examined on their Individual merits. This case-by-case assessment would 
allow the formatting of output data to satisfy the problem needs and allow 
rapid assessment and possible solutions. 

Training plans, and the formulation of training plans, should Include 
simulation as well as other analytical techniques, as applicable. **As 
applicable'' Implies that the analysis warrants the potential benefits or 
cost, savings accrued from the application of the technique. Training plans, 
especially for conceptual systems, need more accurate ways of determining 
the capacities and requirements of proposed training systems. 

In addition to providing real quantifiable data for comparison In 
planning for training, simulation can provide realistic data for budget 
considerations. These data, for example, would provide timely Inputs to the 
Program Objective Memorandum (POM). 

The ability and requirement "to do" simulations should be undertaken 
by staff groups, either military or civilian, which have programming and 
system analysis capabilities. 



25 



TAEG REPORT NO. 11-2 

The use of simulation for other specific applications should be 
addressed as the need arises. The installation of individualized self- 
paced instructional systems in the Navy is still in the beginning stages. 
As these Instructional systems become prominent, in the Navy, the need for 
employing analytic tools, such as simulation in the design for and control 
of training, is clear and it is urgent. 
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CONTROL CARDS 

This program was run on an IBM 360/40 using GPSS V with the following 
control cards: 
//NAVY JOB TIME-600 

//EXECS EXEC PGM-DAGdlV,PARM-B, TIME-600 
//DOUTPUT DD SYSOUT-A 

//DINTERO DD UNIT-SYSDA,SPACE-(TRK, (10,10)) 

/ /DSYMTAB DD UNIT-SYSDA, SPACE- (TRK, 10 , 10) ) 

//DREPTGEN DD UNIT-SYSDA, SPACE- (TRK, (10,10)) 

//DINTWORK DD UNIT-(SYSDA,SEP-(DINTERO)) ,SPACE-(TRK, (10,10)) 

/ /DRDSAVEO DD UNIT-2A00 ,VOL-SER-NEWTAP , LABEL- ( ,NL) ,DISP- (OLD , PASS) 

//DRDSAVEI DD UNIT-2400 , VOL-SER-OLDTAP, LABEL- ( ,NL) ,DISP-(OLD,PASS) 

//DXREFDS DD UNIT-SYSDA, SPACE- (TRK, (1,1)) 

//DINPUTl DD * 

REALLOCATE VAR , 11 , FSV , 20 , HSV , 20 , CHA , 15 , BLO , 2 50 , FAC , 100 
REALLOCATE STO,10,QUE,30,LOG,10,TAB,10,rUN,20,GRP,0,EVR,24 
REALLOCATE COM, 56868 
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BOOLEAN VARIABLES 



r 














dVARIAOL^ 


n 




t. 


BVAR|AfttE 


7 


6VARIABLB 




»VARXABIE 


q 


VARIABLE 


1 > 


i}> A»IABI.E 


U 


^'ARIABLE 


12 


iVAPIABLP. 


1 J 


eVAPI^BLl: 




BvAP.IABlE 


^ .3 


A^'IARIE 


19 


fiVABIABlE 


17 


•*vARIiblE 


1 s 


•^VARIABLE 


1 9 


«^'A?.MBLE 


y 


i^VARIAiiLE 


?1 


PVARIAtl.u 


?2 


B^ARIABLE 


?3 


ARlAbLE 



((Pl'6t3>*(Pl«B«4)'KPl'Bt6))*(P4'E'l) 
((r>liEi3U(l*|tftBit|»l*|l6))*<P4<E*S) 

PNl^l-^PNl6}«FNl63«PNX644'PNl6d«FNl66^PNl67'^PNI68^FNl69 

PM70+PNl7l*PN172*FMX73*FM74*FNI75*FMl76*FM77fFNl79 
FNl79*FNX80*FNX81*FNX82*FNIB3*FNl84+FNt854FNIS6+FriXd7 

FnI8?*FNI89*FNI90 
Bv8*«iV6'l'PV7*8Vfl 

(PUN! I7)*((PB'E«19)-KP8«E«23))*BVU'K»'V12*BVU)*BV14 
((0l»Lt3)«(PeiEt32)) 

( (Pl«ht3)*(Pl":«4)'»'(Pl'E'5>^(PX»E'6)) 

((P8«k»2<H)*(P8»B'35)) 

(Pllf:i7)*((P6lEl4)<*>(PbtEll3)) 

((Rl'cU)«(PF'E«39)) ♦bVlJ|*BVl6*eVl7 

( ((*lit:i3)'^(PliEi5)'^(Pl<Ei6))*(PS<Ei42) 

((Pl«F.t7)*CPP«Ea8))+BV23 

(PIIF«2)*(R8IE«37) 

(PIi: ki7)>C((P8<EUe)-«'(P8lE'22))«BV20^(AVl2<KBV21)^bV22 

(PllL'3)«(P8»B'31) 

((Peii:i29)4(PB<E<3^)) 

(P\IEI7)«((PPIE«3)*(P8'E'12)) 

((5'l»c'4)'i'<P«'El40)) 
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VARIABLES, MATRIX, STORAGE 



h VARIABLE 
b VARIA"^!.? 

1 ^/ARIAi'LE 
«f FVAPIA9LE 
Tv' VARlMf»l6 



15-P1-F2-F3-F4-P5-F6-F7-F8. 

l2-Fl6-P17-fl8-Fl9-F20-F2l. 

12-F3U-F31-F32-F33-F34-F35. 

12-F43-F44-F49-M6-F47-F48' 

12-F56-P57-F58-F59-F60-F61. 

12-F69-F70-F71-P72-F73-F74' 

n9-FR2-Fe3-F«4-P85-F86-F87' 

VlfV2'»'V/3*V4'fV5*V6*V7+Vl0 

MP11/4B 

rt6-F29-F42-F5i;-F68-FBl-F2B 



F9-F10-F11.FII-F13-FU-F19 

.F22-F23-P24iF25-F26-F27 

.F36-F37-F38-F39-F4C-F41 

'F49-F50-F51-F92-F53-F54 

'F62-F63-F64-F65-F66-F67 

F79-F76-F77-F78-F79-F80 

f88-F89-F90 



1 viTUX 
3 MATRIX 



H/28*7 
H/l#7 



ISI 



STURAGE 



Sl#2?0/S?#90/S3#90 
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FUNCTIONS 

?f/°A/ 5y"^SI^2K , . "DN EW TRNO OFFICER SCHbDUAL 

'l/\y Jy'^SI'S'J SURFACE EWO TRAINING SCHedUAL 

>3/>A/,6/,7/,9/,io/.U//12//l3/,l4//17//l8//2l/,22/;25//26 

•»RnCn FUNCTIO^' P3/L13 PROSPECTIVE Cms 
.6/.7/,9/,l2/,13/,u/,^7/aB/'2X/l22/iM 

^h^^f' r^.^JI^?!;. ^."^i^^-^ TIMING FDR BACH CLASS 
TJ^e FONCTIUN P4/L26 DEVIATE 

t/^'i/^I5"l', . ^Or\HHO LESSnN PLAN FOR Co"$ 

21/,4/,l/,l/,4/,l/*l/.2/,2/,2/,l/,2/,2/,3/,S/,l/,4/,i/;j/,j/,,/,j 

?»/!.?/. j/^il'f/ LUI^'NC LESSflN PLAN Fo* SSON E» TP«0 UPFICER 

SUEw'' FL.iCTIO^' Pb/L39 LOnpiMO LBSSHN PLAN FDR SuttFACf PbP 

2 F-i'MCTICiV RHZ^^l 
• 037^il/,0927/2/,i0l?/3/a41U4/,l79O,5/,93O2/6/l,,7 

'^J^T/.I^.k!/'^?, 222/'3?\i^%/ .^''S,^£;'^I^^L^'^0»A'*II-ITV JTSTPTBUTf.JN 
- T • / ^ • 222/ i 3/ ,3^5/, 4/ •509/, 5/ ,69/, 6/ 191 5/. 7j 1.?/. 75. 1 38/ 

•Jil.ft/,n/l.H3/,da,2,)2/,9,?,?/,92/2 92/%i/2!8l/.95l2 
97,..V.9P,?.9/,99M.6/,99)i,5,3/,99e;6:2;.9J9;7/;^^^^^^ 
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SUBROUTINES 



CARRL 



ZTPP 



ASSIGN 

G^iTF LS 

CUEUE 

QUEUE 

ENTER 

LFPART 

OFPART 

LEAVE 
LDOP 

TPANSFE^ 
LINK 

GATE LS 
T*^AMSFE1 



124^1 

KAV^ZXPE 

P4 

27 

1 

P4 

27 

P^#P7 
1 

«P12 

HEME^FtFn/OON 
KAY 

2*FN*EXPnN 
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CAREL 

CARri ASSIGN' 12*a 

NO" GATE LS KAY#ZIPER 

QUEUE P^ 

wi'EUE 27 

E^TER I 

PEPART P4 

DEPART 27 

ADVANCE Pb^yy 

L^AVE 1 

If 'OP 3iNL-.-' 

hSAVEVALUE l*#P**Plil/M 

TPANSFER ^Pi2 

ZIPFR UNK HOME^FIPCGONE 

GO^'t GATE LS KaY 

ADVANCE 2^PK*EXPCN 

TRA'^SFER 



SUBROUTINES 
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OTSTA 

OTSTA ASSIGN 
OnV: GATE IS 

TEST Nig 

EMTErt 
f^EPART 

OEPAKT 

JAMFS ASSIGN 

GATE 

SCIZE 
ADVANCE 
RELEASE 
LEAVE 
TEST L 
2tH LOUP 

TRANSFER 

NONPH. Ll:>»K 
S' t r.ATE LS 
ArvA iCE 
tpanSFEP. 

I'pT ASSIG't 

TOA'SFEI 
Frn TEST L 

f -AVSFE" 

Ifr/itnr «5SIG I 

Tt-A^SFEy 



SUBROUTINES 

»<AV#'^iiJ^>ER 

P<> 

28 

V8#0 
2 

P4 
2B 

2*#l 

P2*Fl.*i'^ 
P2 

P6#P7 

P2 

2 

P2/9'^^Tn!AT 

9/GQTU 

iPl2 

iMTO/FTFn/SUE 
KAY 

2/FN$EXPnN 
..iGOTD 
2-* 90 
iZIr' 

Pi.*9a/7E«on 

iJAiiES 
?-*90 

* J AMPS 
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SUBROUTINES 



ASIGN 



ASSIGN 

TEST E 

ASSIGN 

TRANSFER 

TEST e 

ASSIGN 

TPAriSFB!^ 

TFST e 

ASSIGN 

T^A^iSFB^^ 

TEST E 

ASSICM 

TRAKSFEP 

TEST 
ASSICM 
T?IAMSFER 
TEST E 
TEST E 

ASSIC>J 
ASSIGN 

TRA SFER 

ASSIGN 

ASSIG^' 

ASSIGN"- 
TMA^SFEi^ 



3*a 

A#PN$SETn 
^^FNiSEWn 

^♦♦13 
PW^***3 

4*FN^CTTE 

4/P3 
#♦47 

P3#23#**? 

3<f#2 

4#P3 

4#FNiPRQC0 
6#Fn«CIASS 
7#PNirirtE 

P/Ua 



J 
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HDWRD 

HOWRD ASSIGM 
TEST E 
ASSIGM 
TRANSFEK 
TFST E 
ASSIGN 
TPANSFER 
TFST 6 
ASSIGN 

TRAMSF6fl 
TEST F 
ASSIGN 

T'^ANSFE'* 
TFST e 
ASSIGN 
T'lANSFER 
TEST e 
ASSIGN! 
TRANSFER 
ASSIGN 
'IQv TRANSFER 



SUBROUTINES 

FWU«43 

9/FN>S0EW 

9iFN'fcSU6k^a 

9>FN$GeTlT 

9iFNilLIN»T 
iRON 

9*FNJGFTIT 

FW6#n3 
9#FNtGFTIT 

9#FN.*PC0)l 
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GENERATE 

ADVANCE 

TSAMSFER 

TKA'VJSFER 



TIME-ORIENTED PROGRAMS 



16 

KAV 

32 

#NXDAY 



LOGIC I 

lJ^•Ll^iK. 
I..* LINK 
I'f UlNK 
LINK 

T9A^SFER 



KAV 

HOME,cnNE/ALl 

MEHE#GON#AlL 

RETA#IMFO/ALL 

INTD>SliB/ALL 

TrtH/GOLF^ALl. 



GF^lERATE 



16 



DESTROY ABOVE XACTjOECRtMif RU^ TgRn, CUUnT 
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M/LIN PROGRAM 



STT 


GENERATE 


12/FN^EXPON 




ASSIGN 


1/FN2 




MARK 


11 




HSAVEVAIUE 


24/1/Pl/l/H 


fVHN 


TRANSFER 


SBR/ASIGN#12 




ASSIGN 


9/FNtLQQP 




TEST E 


BVl#l/MQnN 




TRANSFER 


.4S5/EVQN/WHITE 


MQHN 


TEST E 


BV2#1/STAR 




TRANSFER 


•996/EVQN^ WHITE 
BV3#1/UHITE 


5TAR 


TEST E 




TRANSFER 


•700/EVDN^WINN 


WHITE 


TRANSFER 


SBR#CAREL#12 




TEST E 


P4/9/EVQN 


TEPFE 


TRANSFER 


SBR#ASIGN/12 




TRANSFER 


SBR/HC''R0/12 




TRANSFER 


SBR/CARRL/12 




TEST E 


RV15/0/THINK 




TEST E 


BV10#1/IBM 




MSAVEVALUE 


1«/P4/P1/1/H 




ASSIGN 






TRANSFER 


/TFPEE 


IRH 


TEST E 


P4/12#IBMM 




MSAVEVALUE 


U/P4/R1/1/H 




TRANSFER 


/TEPEE 




TRANSFER 


SBR/ASlGN/12 




TRANSFER 


SBR/MOWRO/12 




TRANSFER 


SBR/nTSTA/12 




TEST E 


P4/20/««9 




MSAVEVALUE 


1«/P4/P1/1/H 




MSAVEVALUE 


U/19/P1/1/H 




TEST NE 


P4/20/TEPEE 




TEST E 


BV19/1/HIT 




MSAVEVALUE 


1«/P4/P1/1/H 


HIT 


ASSIGN 


3-/2 




TRANSFER 


/TEPEE 


THI^'K 


MSAVEVALUE 


U/P4/P1/1/H 




TEST E 


P4/21/*«2 




MSAVEVALUE 


l'^/22/Pl/l/H 




ASSIGN 


3-^/1 




TRANSFER 


SBR/ASICN/12 




TRANSFER 


SBR/MQWRO/12 




TRANSFER 


SB^/CARRL/12 




MSAVEVALUE 


1«/P4/P1/1/H 




TEST L 


P4/«5/JUNE 




TRA^iSFER 


SBR/ASIGN/12 




TRANSFER 


SBR/HQWRD/12 


INM 


GATE LS 


KAY/ WING 




QUEUE 


P4 




QUEUE 


28 




TEST E 


ev9/i 


TNO'< 


ASSIGN 


2/61 




GATE NI 


P2/LQ0K 




PREEMPT 


P2 




DEPART 


Pk 




DEPART 


2B 




ADVANCE 


P6/P7 




RETURN 


P2 



GD TO PHYSIDL AND PSYCHOL. ROUTlNg 



ADVANCED MISSION HPIRATIONS QT 
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MAIN PROGRAM (CONT'D) 



WING 



Gin 



^.SAVEVALjE 
Ti>.A'^*SFeR 

GATE IS 
ADVANCE 
TRA^-'SPER 
ASSIGN 
TEST E 
T-Mf'SFER 
GATP LS 

•-"£"6 
GATE SNF 

V TrR 

DEPAi^T 
Ai VA^ICE 
LEAVE 
:SAVEVALuc 
T04"SFE«» 
LISK 
GATE LS 
»\Cv'ANCE 
TCA^'SFES • 
TaA'SFEH 

T'^A?SFE'> 
T<A»SFE«». 
•SAVEVALv^E 

TI^ST F 
T«^ SFgo 
T'^A'SPt" 
jp^vSPEO 

:'SAVEV*:LJE 
T-A' HER 
S-^V^VAL'.'E 
1 't^jULATF 
Tfii^^'r- ATE 
T^bLE 
TAeLE 

uaiE 

TARI.E 
TAPA E 
TABLE 
TABLE 
IjTAn 

E'O . 



iCIRL 

BETA/PtFO/lNFa 
KAV 

2>FM6XP0N 
>INN 

P2#9l/^0^EY 

iTMU^ 
><AY/5:)np 

P4 

3 
3 

P4 

?6iP7 
3 

jEVQ" 

T^C'/PIFQ/GHLF 
KmV 

2iFNtuXpr,s 

SHR*ASTG''*12 
SBf/-M RC/IZ 
SBI/CAPKL/IZ 

Bv^/^>TAR 
Saii/i^3IG''/T2 

SB^^Ca!>RL/12 

iuIRL 



\ 
2 
3 

7 



PI 

XW3 ^# 
X2/3 > 
X3ia i 
X4i3'^/ 
X5i3r/ 
X6>lt > 
X7i2^/ 
22^//l' 



pHYSiriLUGlCAL AND PSYCHnLPGlCAU 



PSYCHQLUGICAL RQUTL^iF 
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Waiting line 
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P6 is time for 
lesson plan 
P7 is time deviate 




Number of 
lesson plans/ 
class 



Note: Used only when student 
is moving from carrel to 
operational trainer in the 
same learning module 
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LINK 
HEME, FIFO, GON 
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ADVANCE 
2, FNStEXPON 




Note: Sends student hoim^ at 
the end of an 8-hoiir 
day and returns him to 
school the next day. 
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/ ASSIGN \ 
^.FNgSQEw/ 




Schedules the student 
lesson plans between 
carrels and trainers 
within a class 
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LOG 
Ki 


IC I 
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ADVANCE 
32 




Note: Controls the number of 
hours for a school day, 
presently set at 8 hours 
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UNLINK 
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UNLINK 
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UNLINK 
TWO, GOLF, ALL 



Note: Controls time In 

training period and 
number of training 
periods per day 
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